Use of the CanalBrush improves removal of calcium hydroxide paste from instrumented straight root canals  by Markovic, Ljubisa et al.
Journal of Dental Sciences (2015) 10, 233e239Available online at www.sciencedirect.com
ScienceDirect
journal homepage: www.e- jds.comORIGINAL ARTICLEUse of the CanalBrush improves removal of
calcium hydroxide paste from instrumented
straight root canals
Ljubisa Markovic a*, Frank Booth b, Stefan Zimmer aa Department of Operative und Preventive Dentistry, Faculty of Health, School of Dentistry,
Witten/Herdecke University, Witten, Germany
b Private Practice, Rheinberg, GermanyReceived 30 October 2014; Final revision received 26 March 2015
Available online 3 July 2015KEYWORDS
calcium hydroxide;
CanalBrush;
irrigation;
removal;
sodium hypochlorite* Corresponding author. Departmen
University, Alfred-Herrhausen Strasse
E-mail address: Ljubisa.Markovic@
http://dx.doi.org/10.1016/j.jds.2015.0
1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: Scientific evidence for CanalBrush (CB) is mostly based on its
performance in rotary motion. The aim of this study was to evaluate the efficacy of the CB
either used with permanent rotation or sonic activation in removing calcium hydroxide from
root canals compared to syringe irrigation.
Materials and methods: Thirteen maxillary incisors were used repeatedly, once each per study
group. After cutting of the crowns, instrumentation to ISO 50.04 was performed. Roots were
split longitudinally into two halves, reassembled, and replaced into tubes. The dressing was
removed by recapitulation with a file and irrigation with 3% sodium hypochlorite using three
techniques: Group A: CB with sonic activation þ 2 mL NaOCl three times; Group B: CB with
rotation (500 rpm) þ 2 mL NaOCl three times; and Group C: syringe irrigation with 6 mL NaOCl.
Digital images of each half were done at 10 magnification and evaluated. A four-grade scoring
system was used to assess the amount of calcium hydroxide. Residual debris was removed and
cleanliness was confirmed. This allowed the use of the same roots in all experimental groups.
Highest scores in each canal third were subjected to statistical analysis.
Results: Groups A and B gave satisfactory results for the removal of calcium hydroxide with no
significant differences between groups and canal thirds (P > 0.05). Syringe irrigation was
significantly less effective (P < 0.05) with the worst results recorded for the apical third.
Conclusion: CB significantly improves the removal of calcium hydroxide, with no significant dif-
ference between rotary motion and sonic activation.
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234 L. Markovic et alIntroductionIn treatment of teeth with pulp necrosis and apical peri-
odontitis prognosis is dependent on the successful elimi-
nation of microorganisms from the infected root canals.1 In
longstanding infection, bacteria, often organized in bio-
films, may have colonized the entire root canal system
including ramifications, isthmuses, and dentinal tubules
where they are hardly affected by chemomechanical
instrumentation.2
Placement of an intracanal dressing such as calcium
hydroxide is recommended to improve root canal disinfec-
tion and to optimize treatment outcome.3 Before root canal
obturation, the temporary dressing has to be removed
completely to avoid negative interactions between medi-
cament and filling material and to achieve a tight adaption
of the sealer to the root canal surface.4 Intracanal calcium
hydroxide is usually removed by instrumentation with the
master apical file in combination with copious irrigation
using sodium hypochlorite or EDTA. Complete removal is
difficult and remnants are often left on the root canal
surface particularly in the apical part.5e7 Residual calcium
hydroxide might cause apical microleakage and jeopardize
treatment success.5,8
While EDTA followed by NaOCl irrigation has been shown
to remove calcium hydroxide completely, other studies
using lower irrigant volumes combined with instrumenta-
tion still found extensive remnants of calcium hydrox-
ide.5,7,9 However, the use of EDTA in high volumes for a long
working time may cause excessive erosions with dissolution
of peritubular and intertubular dentin.10
Due to the weak flushing action of syringe irrigation,
manual and machine-assisted devices like endodontic
brushes have been designed for the activation of irrigants
and debridement of canal walls.11 The CanalBrush (Col-
tene/Whaledent, Langenau, Germany) is a highly flexible
endodontic microbrush made completely from poly-
propylen.11 In scanning electron microscopic (SEM) exami-
nations its use was found to remove debris effectively from
simulated root canal extensions and irregularities and to
improve root canal cleanliness particularly in the apical
third.12,13
It may also be a useful adjunct to further improve
removal of the root canal dressing because the bristles
touching the canal walls might mechanically dislodge cal-
cium hydroxide leftovers. Most of the publications investi-
gated the performance of CanalBrush in a rotary motion
according to the manufacturer’s recommendations.
The aim of this in-vitro study was to investigate the
efficacy of the CanalBrush used with permanent rotation as
well as sonic activation in removing a calcium hydroxide
paste from instrumented straight root canals of human
maxillary incisors compared with syringe needle irrigation
only.
Materials and methods
Thirteen human maxillary central and lateral incisors with
straight roots and intact root apices were selected for this
study. Teeth were extracted for severe periodontal disease
from patients aged 38e62 years. The teeth were free ofcaries, cracks, and restorations. Following extraction the
teeth were placed in 3% sodium hypochlorite for 1 hour to
remove organic debris. After removal of any remaining soft
tissue or calculus with an ultrasonic scaler the teeth were
washed with sterile water and stored in 0.1% thymol solu-
tion until further use.
Rotary instrumentation was performed with a cordless
contra angle handpiece (Endo-Mate TC2; NSK Europe,
Eschborn, Germany) running at 500 rpm (torque setting, 1
Ncm) and BioRaCe NiTi instruments (FKG Dentaire, La
Chaux-de-Fonds, Switzerland) according to the manufac-
turer’s specifications. The root canals were shaped to a size
50.04 standard master apical file (MAF). Each instrument
was only used for the preparation of four root canals. After
each instrument change, the root canals were irrigated
with 2 mL and finally with 6 mL 3% sodium hypochlorite. The
irrigation solution was delivered with a 10 mL syringe and a
29-gauge (0.33 mm) NaviTip (Ultradent, South Jordan, UT,
USA), which was placed 1 mm short of working length.
Each root was embedded into a plastic tube (Safe Lock
Biopur 1.5 mL, Eppendorf, Hamburg, Germany) using sili-
cone impression material (Affinis System 360 putty; Col-
tene/Whaledent) to create a set matrix, which allows
reassembly of the roots after splitting.4 To facilitate frac-
ture of the roots, two parallel longitudinal grooves were
made with a surgical handpiece and diamond disk (943 104
065; Gebr. Brasseler, Lemgo, Germany) on both the buccal
and lingual surfaces of the root preserving the inner shelf of
dentin surrounding the canal. Sterile water was used as
coolant. The roots were then split into halves using the flat
blade of a wax spatula (Ermert DS 131 R; Aesculap, Tut-
tlingen, Germany). After splitting the root halves were
cleaned by a 2 mL rinse with sterile water and reassembled.
Roots were discharged if any gaps existed in the remaining
dentin along the root. The root halves were fixed with wax
and repositioned in the silicone matrix. After drying the
root canal with a sterile size ISO 50 paper point a premixed
calcium hydroxide preparation in a 1.2 mL syringe (UltraCal
XS; Ultradent) was injected with a 29-gauge (0.33 mm)
NaviTip that was placed 2 mm from working length. The
NaviTip was slowly withdrawn while delivering the calcium
hydroxide paste into the root canal to avoid any air
entrapment. A foam pellet was placed over the canal
orifice and the access cavity was then temporarily sealed
with a layer of Cavit (Espe, Seefeld, Germany). One root,
serving as negative control, did not receive any calcium
hydroxide paste.
To confirm complete filling with calcium hydroxide paste
digital radiographs were taken in a mesiodistal direction
perpendicular to the longitudinal section of the root.14
The roots were stored in an incubator (Incubat Typ 85;
Melag, Berlin, Germany) at 37C and 100% relative humidity
for 1 week.15
After 1 week the roots were reopened by removing the
temporary seal and the foam pellet with an excavator. The
calcium hydroxide dressing was then removed from the root
canals by one of the three following techniques:
Group A: Clockwise rotation of the MAF by hand at
working length (WL), followed by a rinse with 2 mL 3%
sodium hypochlorite. The residue of irrigant was soni-
cally agitated with the CanalBrush for 20 seconds.
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followed by a rinse with 2 mL 3% sodium hypochlorite.
The residue of irrigant was agitated with the CanalBrush
rotating at 500 rpm for 20 seconds.
Group C: Clockwise rotation of the MAF by hand at WL,
followed by syringe irrigation with 6 mL 3% sodium
hypochlorite.
In Groups A and B the irrigation sequence was repeated
three times resulting in a total irrigation volume of 6 mL
and a total activation time of 1 minute.
CanalBrush was used for both sonic (Group A) and rotary
(Group B) irrigant activation with a 2e3 mm up and down
motion after advancing the brush to working length. The
working length was marked on the instrument with water-
proof ink.
Sonic activation was performed with the CanalBrush size
M activated by the SONICflex 2003L (KaVo, Biberach, Ger-
many) at power setting 1. To facilitate experimental use of
the CanalBrush with the sonic handpiece its brush-shaft was
shortened so it could be screwed into a bristle holder (Nr.
48; KaVo) mounted onto the handpiece (Figure 1).
After calcium hydroxide removal and irrigation pro-
cedures the roots were disassembled.
The root halves were examined under a microscope
(Inspector Trino 40 Stereomikroskop; Mu¨ller-Optronic,
Erfurt, Germany) at 10 magnification. Digital images of
each half were exposed using a digital camera with a res-
olution of 3.1 megapixels (Scopetek DCM 310; Mu¨ller-
Optronic) and ScopePhoto image processing software
(Scopetek Opto-Electric Co. Ltd., Hanghzou, China). Pho-
tographs were then saved as tagged-image-file (TIFF) im-
ages for subsequent evaluation of the root canal surface of
the apical, middle and cervical thirds (3 mm, 6 mm, and
9 mm from working length, respectively).16
A scoring system was used to assess the quantity of
calcium hydroxide leftovers on the root canal walls as
defined by Lambrianidis et al6 (Figure 2): Score 1, no visible
remnants; Score 2, scattered remnants; Score 3, distinct
masses; and Score 4, densely packed remnants.
Both root canal halves were evaluated for remnants of
calcium hydroxide in each third and the highest score in
each third was recorded. Scoring was performed by two
examiners. In cases of disagreement, sections were reas-
sessed jointly by both examiners until agreement was
achieved.Figure 1 CanalBrush attached to the bristle holder of the
SONICflex 2003L.After each assessment all residual calcium hydroxide
was removed from the root canals with a small brush, a firm
air-water spray, and a thorough rinse with sterile water. All
specimens were checked under the microscope for com-
plete cleanliness at 10 magnification. This allowed the
same root canals to be used for all the groups. Standardi-
zation was attained through this repeated use, eliminating
the variables of canal shape and length.17 The roots were
randomly allocated to three subsets of four roots each so
that one subset was used in each experimental group for
the first, one for the second, and one for the third time, to
further avoid possible adverse effects due to the repeated
use.
Statistical analysis
Data were collected and statistically analyzed using SPSS
version 14.0 (IBM, New York, NY, USA) and Bias version 8.4
(epsilon-Verlag, Darmstadt, Germany) for Windows.
Data were summed for each group to obtain the median,
the first and the third quartiles. Data distributions were
statistically analyzed to determine differences among
groups and between canal thirds. Nonparametric Krus-
kaleWallis test (for k independent samples) and Friedman’s
test with subsequent pairwise comparisons were used due
to the ordinal nature of the scores. Differences were
considered statistically significant at 95% confidence level
(P < 0.05).
Results
Evaluation of calcium hydroxide removal
Remnants of calcium hydroxide were found in all but three
root canals (2 in Group A and 1 in Group B), regardless of
the removal technique used. Nevertheless, in Groups A and
B (using the CanalBrush either with sonic activation or
rotation), 16/36 and 17/36 assessed root canal thirds,
respectively, were free from calcium hydroxide remnants
(Score 1) compared to only two in Group C (syringe irriga-
tion only).
After use of the CanalBrush (Groups A and B) the apical
third was free from residues in half of the cases whereas
after syringe irrigation the apical third showed distinct
masses or densely packed remnants (Score 3 and 4) in 10/12
root canals. Frequency distribution of attributed scores by
root canal thirds and groups are shown in the bar charts
below (Figure 3). Frequencies of scores show a comparable
removal efficacy for all canal thirds in Groups A and B while
in Group C attributed scores in the apical third are worse
than in middle and cervical thirds.
Significant differences were found (P < 0.05) when
examining the efficacy of calcium hydroxide removal be-
tween the groups at all root canal thirds (Table 1).
Use of the CanalBrush with sonic activation (Group A) as
well as rotation (Group B) resulted in a statistically signif-
icant better calcium hydroxide removal from apical
(P < 0.01) and middle thirds (P < 0.05) compared to syringe
irrigation only (Group C).
At the cervical level root canal walls were significantly
cleaner (P < 0.05) after rotary use of the CanalBrush
Figure 2 (A) Score 1: no visible remnants (all thirds, control); (B) Score 2: scattered remnants (middle and cervical thirds); (C)
Score 3: distinct masses (cervical third); (D) Score 4: densely packed remnants (apical third).
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Comparing the root canal thirds within the different groups
no significant differences were found in Groups A and B
(Friedman test: P Z 0.867, P Z 0.965, respectively). InApical third
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Table 1 Statistical analysis of differences between groups.
KruskaleWallis test Dunn test (with BonferronieHolm correction)*
Median
Groups Apical third Apical third
A/B/C 0.002 Groups A B C
A 1.5 0.835 0.006
B 1.5 0.008
C 3.0
Middle third Middle third
A/B/C 0.014 Groups A B C
A 1.5 0.812 0.045
B 2.0 0.034
C 2.5
Cervical third Cervical third
A/B/C 0.027 Groups A B C
A 2.0 0.299 0.267
B 1.5 0.035
C 2.5
*Significant differences are marked in bold font (P < 0.05).
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In the present study, one CanalBrush fractured during sonic
use just below the shaft while no fracture occurred during
rotary use. None of the bristles separated from the instru-
ment core but deformations of the bristles were observed
in all instruments both after sonic and rotary use. After
sonic use the bristles were found to be uniformly curved
and flattened. After rotary use the bristles at the tip of the
brush (1st 3 mm) were severely distorted due to heavy wall
contact in the apical part of the root canal. The remaining
bristles were only slightly curved (Figure 4).
Discussion
The efficacy of the CanalBrush in removing a calcium hy-
droxide dressing during endodontic treatment with per-
manent rotation as well as sonic activation was compared
to the needle irrigation which may be regarded as the
standard procedure.
In the current study the additional use of the CanalBrush
either with permanent rotation or sonic agitation signifi-
cantly improved the removal of an aqueous calcium hy-
droxide paste from instrumented straight root canals.Figure 4 CanalBrushes: (A) new; (B) after sonic use; (C) after
rotary use (15 magnification).After use of the CanalBrush the apical third of the root
canal was free of remnants in half of the cases while after
syringe irrigation distinct masses or densely packed rem-
nants were observed in 83% of the cases. At the apical and
middle thirds, no root canals were completely cleaned
after syringe needle irrigation, and at the cervical third,
only two specimens were free of residues.
For the standard irrigation procedure in endodontics it is
crucial that the needle remains loose inside the canal
during irrigation, as it allows the irrigant to reflux and
causes more debris to be displaced coronally. However, the
mechanical flushing action created by conventional hand-
held syringe needle irrigation is relatively weak.11 Flushing
of irrigants extends >2 mm apically to the tip of open
ended needles, but shear stress on the canal wall, which
will have an influence on mechanical detachment of debris,
has been reported to be low with this type of needle.18 This
may explain the observed minor efficacy of syringe irriga-
tion alone in our study.
The calcium hydroxide dressing has to be removed
completely before permanently obturating the root canal
system, as residues might interact with zinc oxide eugenol
sealers, increase apical dye leakage or decrease bond
strength of resin-based sealers.7,8,19
Several studies have been undertaken to assess the ef-
ficacy of different techniques in removing the calcium hy-
droxide intracanal dressing. Complete removal is difficult
to achieve particularly in the apical part of the root
canal.4,16,20
Sodium hypochlorite solution is recommended as the
main irrigant and a good chemical compatibility of NaOCl
and calcium hydroxide has been reported.21 Irrigation with
NaOCl only was thought to have minimal effect on root
canal degradation. Removal of calcium hydroxide paste is
routinely accomplished by copious irrigation with NaOCl
and EDTA in conjunction with hand instrumentation.17
Repeated instrumentation even with precurved hand
files has been shown to cause transportation and calcium
hydroxide may be packed apically during the removal
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ide ranging from 25% to 45% was shown to be attached to
the canal walls, after filing with a ISO No. 25 hand file in
combination with different irrigants.5 Recapitulation of the
MAF or use of a patency file has been found to improve the
removal of the medicament from the apical third but
remnants of the paste are still left behind.6,16 In the pre-
sent study the MAF was introduced and rotated only once at
working length for gross removal of the paste which was
collected in the flutes of the instrument.
Additionally, activation of irrigants may further improve
removal of the intracanal dressing. Manual pushepull
movements using a fitted master gutta-percha cone
(manual-dynamic irrigation) were shown to improve root
canal cleanliness but may harbor the risk of packing the
calcium hydroxide paste apically and onto the canal
surface.23
By contrast, the efficacy of passive ultrasonic irrigation
(PUI) in removing calcium hydroxide paste has been eval-
uated with varying results. van der Sluis et al15 reported
that PUI with 2% NaOCl was more effective in removing
calcium hydroxide paste from artificial root canal grooves
than syringe delivery of NaOCl alone.
In the study by Kenee et al17 a mean of only 3.3% of the
overall canal area in curved canals of mandibular molars
was covered by residual calcium hydroxide after PUI with
NaOCl. These findings are in agreement with those of
Nandini et al,24 who found a removal of an aqueous calcium
hydroxide paste by 96e99% after PUI with 17% EDTA or 10%
citric acid irrigation. By contrast, Balvedi et al20 found that
calcium hydroxide/saline paste retention (expressed as the
percentage ratio of coated area) in bovine incisors was up
to 49% after PUI with saline solution.
In the microcomputed tomography study by Wiseman
et al25 the combination of rotary instrumentation and
alternating irrigation using NaOCl and EDTA with ultrasonic
or sonic activation only removed 85.7% (ultrasonic) and
71.5% (sonic) of the UltraCal XS paste (Ultradent) placed
2 mm short of working length.
As irrigant activation by PUI may not be sufficient to
obtain complete removal, endodontic brushes may further
promote cleaning of the apical part of the root canal.
Recent reports on the CanalBrush assessing debris removal
from simulated root canal extensions and root canal
debridement showed promising results. The CanalBrush was
used in the present study with permanent rotation in a slow
speed handpiece and with a sonic handpiece as these
modes of activation have been reported earlier.12,13
In our study, one instrument fractured during sonic use
just below the shaft, so that the working part was easily
removed from the root canal. It has to be noted that use of
the CanalBrush activated by a sonic handpiece is experi-
mental and does not correspond to the manufacturer’s in-
structions for use. However, the CanalBrush was safe to use
even with sonic activation at a frequency of 6 kHz. When
the CanalBrush comes into close contact with the root canal
walls during rotary use it may twist, which is a clear indi-
cation of the brush being worn (IFU, Coltene/Whaledent).
This risk is reduced when used in a sonic handpiece but
fracture of the core still may occur due to highly frequent
oscillations. Therefore, the lowest power setting of the
sonic handpiece was chosen in our study, resulting inamplitude of 120 mm of the brush holder (IFU, SONICflex
2003L, KaVo). The CanalBrush has been shown to be safely
used both with rotation and sonic activation in previous
studies but so far it was only operated in a modified sonic
toothbrush at a very low frequency of 50 Hz.13,26,27 De-
formations of the bristles caused by contact with the root
canal surface in the narrower parts of the root canal are a
common finding and have been reported earlier.26
It is not clear whether mechanical action of the bristles,
irrigant activation, or a combination of both have contrib-
uted to the good cleaning efficacy of the CanalBrush. Use of
the CanalBrush may have resulted in a better transfer and
exchange of the irrigant within the canal spaces, but me-
chanical scrubbing of the bristles is more likely to be the
main factor responsible for removing calcium hydroxide
debris, particularly when used with permanent rotation.
This is confirmed by the observed distortions of the bristles
implying extensive wall contact.11
Salman et al13 claimed that in their study the broad
apical preparation (40.04) allowed a passive working mo-
tion of the CanalBrush (tip diameter 0.25 mm) during sonic
activation with the bristles only occasionally touching the
canal walls. Furthermore sonically induced acoustic
microstreaming and cavitation were thought to be a
possible explanation for the good results. It may be ques-
tioned whether acoustic microstreaming and/or cavitation
occur during sonic use of the CanalBrush. Taking into ac-
count the size of the apical preparation and the overall
diameter of the brush (core þ bristles) of w1 mm in the
apical part it is obvious that extensive wall contact will
inhibit free oscillation of the tip, which is a precondition for
the occurrence of these acoustic phenomena.15,28
Frequency distribution of scores showed a comparable
efficacy for all canal thirds in the CanalBrush groups with no
significant difference but there was a tendency for a
slightly better removal in middle and cervical thirds after
the rotary use. This might be explained by the bristles
scrubbing all canal surfaces when used with an up and down
movement during permanent rotation. Additionally, a cu-
mulative cleaning effect may have occurred in both
CanalBrush groups over the three activation cycles with
refreshment of sodium hypochlorite in between.29
Our results are in agreement with those of Tas‚demir
et al,30 who reported that rotary CanalBrush agitation of
NaOCl left significantly less calcium hydroxide paste than
irrigation only. However, 24% of the overall canal surface
areas were found to be covered with remnants. This may be
due to the fact that activation was performed only once for
30 seconds although the total irrigation volume was much
higher (2  5 mL).30
In contrast to the significant improvement of calcium
hydroxide removal by the use of the CanalBrush in this
study, Kozak et al27 did not find a significant difference
between syringe delivery of citric acid and NaOCl and irri-
gant agitation with the CanalBrush either used with per-
manent rotation or agitation by a modified sonic
toothbrush. They assessed calcium hydroxide/chlorhexi-
dine (CHX) paste removal from simulated apical grooves
and depressions in straight root canals prepared to a size
80.02. Their findings may be explained by the fact that
there was only little mechanical action of the bristles on
the paste placed in the canal extensions. However, the
CanalBrush improves removal of calcium hydroxide 239highest amount of paste remained when root canals were
irrigated without activation.
EDTA was not used in our study for several reasons
although it has been shown to improve calcium hydroxide
removal.4,9 Its use would have made it difficult to clearly
evaluate the effect of the CanalBrush on removal
improvement. Furthermore, prolonged or repeated use of
EDTA would have caused excessive dentinal erosion and
canal wall degradation.10
Within the limitations of the present study our results
suggest that a calcium hydroxide dressing in endodontic
therapy can be more effectively removed from straight root
canals with a rotary use of the CanalBrush as recommended
by the manufacturer. Sonic activation of the CanalBrush is
comparably effective.
Further studies should investigate the efficacy of the
CanalBrush in curved root canals by the two activation
methods and evaluate root canal cleanliness after calcium
hydroxide paste removal.
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